out the operative procedure, and particular attention was paid to the changes occurring immediately after complete cerebral ischaemia at various body temperatures.
T ink-writing oscillograph, with an amplification of 10 tV/ mm. pen deflection (often reduced), a time constant of 0.3 second, and a high-frequency response linear within 10% to 60 c/s. When necessary further high-frequency cuts were employed. A paper speed of 1.5 cm./sec. was used throughout.
All the patients were kept in a state of light anaesthesia by endotracheal administration of nitrous oxide and oxygen, with the addition of small doses of curare whenever necessary. When cardiopulmonary bypass was used, the administration of anaesthetic was discontinued at the onset of the extracorporeal circulation. Body temperature was recorded (by thermistor probes) from the nasopharynx and/or the oesophagus of each patient.
The present investigation was made on 23 children aged 3 to 14 years in whom the surgeons deliberately arrested the blood circulation at selected levels of hypothermia as part of the operative procedure.
Group 1.-In 15 patients mild hypothermia was induced through a veno-venous extracorporeal circuit to a body temperature between 32°and 280 C. without any bypass of the cardiopulmonary circulation. The general circulation was occluded by clamping the venae cavae. This technique allowed the surgeon a bloodless heart for procedures of short duration.
Group 2.-Eight patients on cardiopulmonary bypass were cooled by means of the heat-exchange unit in the venous-arterial extracorporeal circuit to body temperatures between 24.3°and 18.50 C.
(moderate hypothermia). During cooling CO2 had been added into the oxygenator at concentrations from 2. to 4%. When the appropriate temperature had been reached the circulation was arrested by stopping the extracorporeal circulation. The surgeon was then able to work in a bloodless field with a still heart for fairly long periods. In these patients a temperature gradient was always noticed between oesophagus and nasopharynx. Since the oesophageal temperature was probably more closely related to the temperature of the cooled blood coming up the aorta (from the pump via the femoral artery), the nasopharyngeal temperature was thought to be a somewhat more accurate indication of intracranial temperature and was utilized in this group of patients.
Results

Material and Methods
Before the operation the electrodes (nine silver-silver-chloride discs)-were stuck on to the scalp in standard positions according to measurements from bony landmarks (Pampiglione, 1956 BRmIsS MEDICAL JOUNArl ceeded to temperatures below 28' C., gradual E.E.G. changes occurred with disappearance of fast components and an increase in slow components. In six out of eight children repetitive generalized discharges appeared of the kind first described by Weiss and Arfel (1960) , without, however, recognizable clinical changes. Continuous phasic activity persisted throughout, even in the patients cooled to below 20°C. (the lowest temperature in this series was 18.5°C.), the E.E.G. traces never becoming flat so long as circulation was maintained by the pump. When the circulation was arrested, by stopping the cardiopulmonary bypass, there was in the E.E.G. a gradual decrease in the amplitude of the slow wave activity with a disappearance of any discharges that might still be present, and finally there was a complete flattening of the traces to equipotentiality (see Fig. 2 ). The time interval between the arrest of circulation and E.E.G. equipotentiality was measured in these eight children and the average delay was 109 seconds, with individual variations between 60 and 135 seconds (see Table II ). In. this group the range of induced hypothermia was fairly wide. In both groups, because of the gradual petering out of the phasic E.E.G. activity, the-precise moment at which equipoten- Once equipotentiality had been reached the E.E.G. traces always remained completely flat for the whole period of circulatory arrest, irrespective of the level of hypothermia. Often, however, muscle action potentials from the temporalis were seen, for several seconds, superimposed upon the totally flat E.E.G. traces. The time intervals before complete disappearance of the phasic E.E.G. activity after the arrest of the circulation are plotted in Fig. 3 for both group 1 (mild hypothermia). and group 2 (moderate hypothermia). The arrest of the cerebral circulation must rather more abruptly in the cases of group 2 (bi the bypass) than in group 1, when the occlusion return to the heart was achieved by clamping ti Moreover, the superior and inferior venae c; occluded simultaneously, the interval varying be mum of five and a maximum of 35 seconds (usua vena cava was the first to be occluded). In our delay to E.E.G. equipotentiality was measured the first vessel was occluded. If the occlusion of cavae had been simultaneous the delay to E.E tiality in group 1 would have been even shorter, ence between group 1 and group 2 even greater. 
Discussion
From our observations the duration of persist E.E.G. activity was much longer when circ occurred at 24.5°to 18.50 C. than at 320 to 28°w ork of Arfel and Weiss (1962) and Piot et al.
(1 that the E.EG. activity may persist even longe minutes) when circulatory arrest is carried out levels of hypothermia (10-15°C.) .
In animals the effect upon the E.E.G. of an al cerebral circulation at normothermia has been stu( authors (Simpson and Derbyshire, 1934 in the rabbit that asphyxia of the heart may be one of the most and the differimportant limiting factors to successful resuscitation. They found that the brain could be revived without damage even after 8 to 10 minutes of complete selective cerebral ischaemia at normothermia provided that an efficient circulation was available to perfuse the brain immediately after the period of arrest. a a* a An inadequate cardiac output due to the myocardial ischaemia may give rise to a further period of inadequate cerebral perfusion, and represent the "last straw " responsible for the final cerebral damage. This view, at variance with some accepted concepts, is worth further experimental studies, supplemented by any well-documented accidental observation in man.
In our observations the range of individual variations within both group 1 and group 2 was considerable, but this may have been due to a number of complicating factors in addition to the hypothermia. For instance, the blood-pressure at the time of the arrest must be an important factor, as suggested by ThiesPuppel and Wiemers (1961) , and also from earlier animal experiments by Gdnshirt and Zylka (1952) . Any period of embarrassed cerebral circulation without complete recovery prior to a circulatory arrest would certainly complicate the evaluation of results, but in our present series no known circulatory complications had occurred. 21 20 19 18 17
Another complicating factor may have been due to temperature gradients between the site of temperature measurements culatory arrest at and the brain. This has been shown to occur during cooling in animals (Shields and Lewis, 1959) . The occurrence of temperature gradients between various parts of the brain itself during cooling has been suggested by the animal studies of Zingg and Kantor (1960) , and the rate of cooling may represent tence of phasic yet another variable.
.ulatory arrest
The evaluation of results might be influenced by the patient's C. From the age. In our observations the age of each child was plotted 962) it appears against the delay to E.E.G. equipotentiality after circulatory r (two to four arrest, irrespective of the level of hypothermia (Fig. 4) . In at still lower group 1 the ages varied from 5 to 14 years, and there was no obvious difference in delay between the younger and the older children in spite of the considerable individual variations. The number of subjects is small in group 2; however, three children of widely varying ages (3, 7, and 14 years) showed a practically identical delay of about 120 seconds at comparable levels of hypothermia. We may conclude that in our material, at least in relation to the age groups considered, there was no evidence that a younger child, after circulatory arrest, might show a longer persistence of E.E.G. activity than an older one. It would be interesting to know whether the central nervous system of young babies might behave differently from that of the age group considered in the present paper, as suggested by the work of Jilek et al. (1964) on rats during early development.
The detailed shape of any curve to be drawn from Fig. 3 could not be established under the experimental situation offered (all our children suffered from heart defects of varying severity), as the complicating factors were many and the number of patients was rather small. With a decrease in body temperature between 32°and 18.50 C. the delay to E.E.G. equipotentiality, rather than bearing a linear relationship, may follow an exponential curve, as suggested by comparable animal studies of Gdnshirt et al. (1954) . The protective effect of cooling, therefore, could be proportionally much greater at moderate and deep hypothermia than at mild hypothermia.
The increased time lag for the disappearance of E.E.G. activity with lower body temperatures is probably related to a decreased rate of utilization of metabolites from the stagnating blood after the circulatory arrest. Thorn et al. (1958) 
Summay
During the course of open heart surgery a deliberate arrest of the circulation at lowered body temperature was performed as part of the routine surgical procedure. In 23 children E.E.G. studies were carried out throughout the operation and particular attention was paid to the changes occurring immediately after complete cerebral ischaemia at various body temperatures. Mild hypothermia (32-28°C.) had been induced in 15 cases (group 1) and moderate hypothermia (24.3-18.5°C.) in a further eight cases (group 2).
In each case the occlusion of the circulation was followed by E.E.G. changes and finally by complete disappearance of all phasic activity. The time interval between circulatory arrest and E.E.G. equipotentiality was much greater in the children of group 2 with moderate hypothermia (average time 109 seconds) than in those of group 1 with mild hypothermia (average time 35 seconds).
The length of time between circulatory occlusion and the flattening of the E.E.G. traces probably represents a measure of the rate of cerebral utilization of available metabolites from the stagnating blood. Within the age group studied (3 to 14 years) there was no evidence that total cerebral ischaemia, at comparable temperatures, could have a different effect on the brain of the younger than of the older children.
It is a pleasure to thank all the medical, nursing, and technical staff whose co-operation in the operating-theatre has made this study possible. The support of the Joint Research Board of the Hospital for Sick Children is gratefully acknowledged.
